A Gram-stain-negative, light pink, non-motile, rod-shaped, aerobic bacterium, designated strain XNV015
The genus Pedobacter was first described by Steyn et al. (1998) on the basis of the reclassification of heparinolytic bacteria, with the description of the type species (Pedobacter heparinus) and other novel species (P. piscium, P. africanus and P. saltans). So far, 57 members of the genus Pedobacter have been described, including the recently identified P. daejeonensis, P. trunci , P. lignilitoris (Zhang et al., 2015) , P. lotistagni (Park et al., 2015b) , P. nanyangensis , P. silvilitoris (Park et al., 2015a) and P. ureilyticus (Kook et al., 2015) (http://www.bacterio.net/ pedobacter.html#alluvionis). Members of the genus Pedobacter have been isolated from different environments, such as soil, activated sludge, compost, chilled food, glacier and water (Joung et al., 2014; Derichs et al., 2014) . All strains of the genus Pedobacter are rod-shaped, Gram-stain-negative, aerophilic or microaerophilic, and able to grow at 1-45 C (Steyn et al., 1998) . MK-7 is the major menaquinone and the DNA G+C content is 36.0-47.5 mol% (Qiu et al., 2014; Kook et al., 2014) . The major fatty acids of all strains of the genus are iso-C 17 : 0 3-OH, iso-C 15 : 0 and summed feature 3 (iso-C 15 : 0 2-OH and/or C 16 : 1 !7c). The major polar lipid is phosphatidylethanolamine (Zhou et al., 2012) . In this study, we focus on analyses of a novel species of the genus Pedobacter, which was isolated from soil of a vanadium mine.
A soil sample was collected from a vanadium mine in Xianning, Hubei province, China (29 46¢ 58 † N 114 31¢ 72 † E). Strain XNV015
T was isolated from the soil sample by the dilution-plating method on 1/10 TSB (trypticase soy broth, pH 7.0; Difco) agar at 28 C. The 16S rRNA gene sequence of strain XNV015
T was determined according to reported methods (Fan et al., 2008; Wilson et al., 1990 ) with a pair of universal primers, 27F and 1492R. All similar 16S rRNA gene sequences were searched in the EzTaxon-server (Kim et al., 2012) and GenBank using the BLAST program (http://www. ncbi.nlm.nih.gov/Blast.cgi), and aligned using CLUSTAL X (Larkin et al., 2007) . Maximum-likelihood (ML) (Felsenstein, 1981) , neighbour-joining (NJ) (Saitou & Nei, 1987) and maximum-parsimony (MP) (Fitch, 1971 ) phylogenetic trees were reconstructed using MEGA version 6.0 (Tamura et al., 2013) . For the ML tree, the two-parameter calculation model (Kimura, 1980) was adapted, and other parameters were set as follows: gamma distributed with invariant sites (G+I), nearest-neighbour-interchange (NNI) heuristic search method and partial deletion options. The NJ tree was reconstructed using the Kimura two-parameter model (Kimura, 1980) with the gamma distributed (G) and pairwise deletion options. The MP tree was reconstructed using the tree-bisection-reconnection (TBR) heuristic search method with the number of initial trees (random addition) of 10 and partial deletion options. The tree topologies were evaluated based on bootstrap analysis of 1000 replications (Felsenstein, 1985 
Growth of strain XNV015
T was tested on nutrient agar (NA), TSB agar, R2A agar and LB agar (Difco) at 28 C for 2 days. For the gelatin hydrolysis test, strain XNV015 T was grown on R2A agar containing 15 % (w/v) gelatin at 28 C for 2 days, and the culture was then checked after cooling at 4 C for 1 h (Cowan & Steel, 1965) . For the phenylalanine deaminase activity test, strain XNV015
T was grown on R2A agar slant culture medium containing 2 g DL-phenylalanine l À1 at 37 C for 2 days, and activity was then determined by adding 0.2 ml of 10 % (w/v) FeCl 3 (Smibert & Krieg, 1994 ). Anaerobic growth was tested in an anaerobic chamber (O 2 <0.1 %; Mitsubishi Gas Chemical Co.) on R2A and LB agar at 28 C for 14 days. Cell morphology was observed by transmission electron microscopy (H-7650; Hitachi) after incubation at 28 C on R2A agar for 1 day. Motility was tested on R2A medium with 0.3 % agar. Gram staining was carried out using a Gram-stain kit (Jiancheng Biotech) according to Dussault & Dussault (1955) and the non-staining KOH method (Ryu, 1940) . Growth temperatures (4, 10, 15, 28, 32, 35, 37, 40 and 45 C) and NaCl concentrations (0-5 %, w/v, at an interval of 1 % NaCl) were assessed in R2A broth at 28 C for 7 days. Growth at different pH (pH 3.0-11.0, at intervals of 1.0 pH unit) was determined after 4 days of incubation at 28 C in R2A broth with citrate/phosphate buffer or Tris/HCl (pH 3.0-7.0, 0.1 M citric acid/0.2 M Na 2 HPO 4 ; pH 8.0-9.0, 0.2 M Tris/0.2 M HCl; pH 10.0, 0.05 M NaHCO 3 /0.1 M NaOH; pH 11.0, 0.05 M Na 2 HPO 4 /0.1 M NaOH) (Breznak & Costilow, 1994) . Production of H 2 S was assessed according to the method described by Dong & Cai (2001) . Catalase activity was determined by assessing bubble production from 3 % (v/v) H 2 O 2 and oxidase activity was assessed by using 1 % (w/v) tetramethyl-b-phenylenediamine (Dong & Cai, 2001 ). Acid production from various carbohydrates was tested as described by Hugh et al. (1953) . Hydrolysis of starch was tested on modified R2A agar containing 0.2 % (w/v) starch based on the presence of transparent zones against a blue background (Dong & Cai, 2001) . Antibiotic resistance tests were performed on R2A agar using filterpaper discs containing different antibiotics (Hangzhou Microbial Reagent) (Chen et al., 2012) . Other physiological and biochemical characteristics and enzyme activities were determined using the API 20 NE, API ID 32 GN and API ZYM systems according to the manufacturer's instructions (bioM erieux). All the tests were carried out in triplicate.
Strain XNV015
T grew well on R2A agar, NA, TSA and LB agar. Colonies were smooth, circular and light pink after growth on R2A agar plates for 2 days. Cells of strain XNV015
T were rod-shaped (0.4-0.6 µm in diameter and 1.0-1.5 µm in length, Fig. S3 ), Gram-stain-negative and non-motile. Growth could be observed from 4 to 37 C (optimum 28 C) and at pH 4.0-9.0 (optimum pH 7.0), but the strain did not grow under anaerobic conditions on R2A agar. The NaCl range for growth was 0-2 % (w/v) and optimal NaCl for growth was 1 %. Of the strains tested, only XNV015
T showed positive reactions for acid production from rhamnose and ethanol. Differences between strain XNV015
T and the reference strains of the genus Pedobacter are summarized in Table 1 . Characteristics of this novel strain are given in the species description.
The genomic DNA G+C content was determined by reversed-phase HPLC according to the method described by Tamaoka & Komagata (1984) . Whole-cell fatty acids of all strains were obtained from lyophilized cells in the late exponential phase of growth, and identified quantitatively by GC (model 6890N; Hewlett Packard) according to the instructions of the Sherlock Microbial Identification System (version 4.5, database TSBA40 4.10; MIDI) (Kroppenstedt, 1985; Sasser, 1990) . The menaquinone was identified using the HPLC method described by Kroppenstedt (1982) . Polar lipids were extracted and determined by two-dimensional TLC as described by Collins et al. (1980) . Cell biomass of strains collected for chemotaxonomic analysis was cultivated using R2A medium at 28 C in a rotary shaker (150 r.p.m.) under aerobic conditions until bacteria reached the mid-exponential phase, for about 24 h.
The DNA G+C content of strain XNV015
T was determined to be 43.8 mol%, which was close to those of the most closely related species (Table 1) . The major cellular fatty acids (>5 %) were iso-C 15 : 0 (26.1 %), summed feature 3 (iso-C 15 : 0 2-OH and/or C 16 : 1 !7c, 23.8 %), iso-C 17 : 0 3-OH (13.4 %) and C 16 : 0 (7.7 %), which were in accordance with the typical characteristics of the genus Pedobacter, but quite different from those of closely related type strains in the contents of C 16 : 1 !5c (14.2 %) and C 17 : 0 2-OH (13.4 %) ( Table 2 ). The predominant respiratory quinone was MK-7, as for other species of the genus Pedobacter. The major polar lipids included phosphatidylethanolamine, five unknown aminolipids, four unknown polar lipids, three unknown glycolipids, one unknown phospholipid and two unknown phosphoaminolipids (Fig. S4) .
T has many features in common with other members of the genus Pedobacter, such as colony colour, aerobic growth, Gram-stain behaviour and rod-shaped cell morphology, low DNA G+C content, predominant fatty 
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Pedobacter daechungensis acids and major respiratory quinone. These results support that strain XNV015 T belongs to the genus Pedobacter. However, strain XNV015
T differed from the type strains of its most closely related species in terms of low 16S rRNA gene sequence similarities, acid production from rhamnose and ethanol (Table 1) , and the contents of C 16 : 1 !5c and C 17 : 0 2-OH (Table 2) . Therefore, we suggest that strain XNV015 T represents a novel species of the genus Pedobacter, for which the name Pedobacter vanadiisoli sp. nov. is proposed.
Description of Pedobacter vanadiisoli sp. nov.
Cells are Gram-stain-negative, non-motile, aerobic and rodshaped (0.5-0.6 µm in diameter and 1.0-1.5 µm in length); no endospores are observed. Grows well on R2A agar, NA, TSB agar and LB agar. Colonies are translucent, light pink, swollen, round and 2-4 mm in diameter after incubation on R2A agar at 28 C for 2 days. Growth occurs at 10-37 C (optimum 28 C), at pH 4.0-9.0 (optimum 7.0) and with 0-2 % (w/v) NaCl. Catalase-, oxidase-and phenylalanine deaminase-positive. Positive for acid production from cellobiose, D-glucose, maltose, sucrose, lactose, L-arabinose, rhamnose and ethanol, but negative for sorbitol, D-ribose, Dsorbitol and D-fructose. Positive for gelatin hydrolysis, amylolysis and H 2 S production. In API 20 NE and API ID 32 GN tests, positive for assimilation of D-glucose, L-arabinose, D-mannose, N-acetyl-D-glucosamine, maltose, malic acid, salicin, melibiose, L-rhamnose, sucrose and glycogen, bgalactosidase (PNPG), and hydrolysis of aesculin and gelatin, but negative for D-mannitol, 
43.8 44.2* 42.7* 37.8* 42À43 † *Data from Yang et al. (2012) . †Data from Jung & Park (2012) .
L-histidine, L-alannine, 2-ketogluconate, 5-ketogluconate, 3-hydroxy-butyrate, 4-hydroxy-benzoate, 3-hydroxy-benzoate, L-proline and L-serine, nitrate reduction, indole production, arginine dihydrolase and urease. In API ZYM tests, positive for alkaline phosphatase, acid phosphatase, a-glucosidase, bglucosidase, a-galactosidase, b-galactosidase, leucine arylamidase, valine arylamidase, trypticase, esterase lipase (C8), naphthol-AS-BI-phosphohydrolase, phenylalanine ammonialyase and N-acetyl-b-glucoseaminidase activities, but negative for esterase, arginine dihydrolase, urease, chymotrypsin and b-glucuronidase. Sensitive to erythrocin, tetracycline, lincomycin, gentamicin, vancomycin, chloramphenicol, streptomycin, neomycin, cephalexin, amikacin and cefradine, but resistant to rifamycin, kanamycin, carbenicillin, oxacillin, penicillin, ampicillin, cefuroxime, piperacillin and ceftazidime. MK-7 is the predominant respiratory quinone. The major polar lipids are phosphatidylethanolamine, five unknown aminolipids, four unknown polar lipids, two unknown glycolipids, one unknown phospholipid and two unknown phosphoaminolipids. The predominant fatty acids are iso-C 17 : 0 3-OH, iso-C 15 : 0 , summed feature 3 (iso-C 15 : 0 2-OH and/or C 16 : 1 !7c), C 16 : 1 !5c, C 17 : 0 2-OH and C 15 : 0 .
The type strain, XNV015 T (=CCTCC AB 2015053 T =KCTC 42866 T ), was isolated from soil of a vanadium mine in Xianning, Hubei province, China. The genomic DNA G+C content of the type strain is 43.8 mol%. 1.9 0.8 --0.5 *Unknown fatty acids have no name listed in the peak library file of the MIDI system and therefore cannot be identified; equivalent chain-lengths are given. †Summed feature 3 represents two fatty acids (C 16 : 1 !7c and/or iso-C 15 2-OH) that cannot be separated by the Microbial Identification System. Summed feature 4 consisted of iso-C 17 : 1 and/or anteiso-C 17 : 1 .
